(magnetoresistive effect thin-film magnetic head and manufacturing 
method of magnetoresistive effect thin- film magnetic head) 

$£ G M<D&W7$W (field of THE invention) 

ma-ft^x^f^^ (hdd) mmiz&mnsm'vfot), mmm 
mmtm\&^\zmn^h>^)vm^mm^ (tmr) ^x«M^^smMg 

±Wk%Wtii9)}$k (CPP (Current Perpendicular to the 
Plane) — GMR) m^mXtzM%.mm^ (MR) liii^Ay F&^OM 

MlMr<£>t£i$ (description of the related art) 

¥4-10301 4#^#) ^ Tmmm$mm/#m&&mm/±m&m&Bmm£ 

^v^mmm^^^GMRm^(D-mr^r)nmmmmtmm^\zuri^ cpp- 

GMRif (m*-U, W. P. Pratt, Jr et al, "Perpendicu 

lar Giant Magnetoresistnce of Ag/Co Mult 
i layers", PHYSICAL REVIEW LETTERS, Vol. 66, 
No. 2 3, pp. 3060-3063, June 1991) ^a@§nT^5. Z.H 

ztom^fc. mmmmmz^^xmn^-^mt^GMRm^ <c i p (current 

-InPlane) -GMRif) \z&1&LT&mX%feMR&fl:m&n*>ti. Vfrhm 

^t^ymc^s^s. t£&, Tmm&Bmm&tf±mm&mmm\z&tf% 

-^^jg^^-TSC I P-GMR^ABS tt?±®) #ftfr£JlfcBI 

1 2ttTM^tt#^« (7>j-i) /#&&&mm/±ffl®xmBmm (t!>HM) / 

^Mtt^StV^^S^ji^^^^GMRM^ 1 3m»#m?^J&Snfc±SB 
^-V^7°S> 1 4tt±S5v-;i/Fji> 15«A-hVH7XE 16Slii&fnfn 

-fe>X«git«GMR^B#:l 2^B®i:¥tf^rjfttl> TI8Rtf±g&S'-;U F® 1 0& 
tfl 4£GMRM#1 2<h«T^W±^^^>y7°Sl 1 Rtf 1 3 TmiTOKlif&^ft 

utDi^TiCIP-GMRif^T, ^*y7ffc£^T3fc&fcfc^ 
<^^^»JE^#SiC«Vi^#:§Tgi5W±^^^^Jgl lRtfl 3tCJBV*3i&g 
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m 2 -mmr^m^-r^TMRm^xitc p p - gmr^ab s 77^ n, 

ffiftftttMIJI (7'J-i) /#«tt^JR»/±ffiaft«tt»M (b°>FS) /S$£« 

in t ^ ^ #sm^ 5 ^ 5 c p p - gm Rti*. 2 3te^M#m?^/&£n/t€S 
^©±^-r^y°^, 2 4ummmm(D±m^-)v^m, 2 bw\-F/uTxm, 2 

mmfcxttc p p -GMRti^ zmmmzB-D ta- 7x125 t^-m^ 

^Oi^TMRlfXttCPP-GMRifttUTd ir >X€»ft£M@<h^ti 
7jI^Mf fcJ6tcT§P'>-;i^H^2 0^^±gUv-;i/HJi2 4F B 1^^fc^MLT^^, 

i3ttC I P-GMRm^©^«Ejg§EIT&D, 0 4 HTMRifXtiC P P - GMR 
03^6^e»^©«fc-5^ CIP-GMRifC*^TH HlTJMtttGMRif 

T^Jfflf ^ljg©TMR$fX»C P P - GMR$fC*WJt fflTJ^^tCTMR^ 
^XfiC P P - GMR*T <Z>WfffiKR TMR ©ffifc'>-;U KEK<0** >XC Shi 
eU R^TMRifX«CPP-GMRifg#:©+t/V>3 r >XC TMR ^#ftbT^0, 

^B^CD^^ (summary of the invention) 

fXfiCPP-GMRi^iifc, MRlilIlA>y K&tf^©§!lji7j&£jl£rr£ 

t>T^>-;i^ FmRzs±M*rv v y a mmizm^ nrcmm^mm^^y y°mt, 
±^^yy 0 m±izmmm^nrc±^>-)i^mt^m^x^v). mriiw^l 
m*&m\z&uTi : Mz>'-)v \*mRit±ffi**r v y°mm<Dmmm±-r&<kD izmuaom 
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Ay H{ti*O^Mt^§StglTfe5. £tf£U TMRifXSiCPP-GMRif 
<&*^/V>^>XfciC XMR =0. 0 1pF£U tli^Sft:iiStl§»10MQt 

0 5 ^ P, BJ3 £ <D £ -5 £ , v-^ H jffel©^ ^ A° y$ >7s C s h , e , d = 6 p F 

fc>500MHz -Sfc&fcte, m^StrLRTMR^S 0 Q&Tfcbfrtfn&&£&V>o 
1 0 0Gb i t s/i n 2 |^±cafH^^C0TMR^^^V^T^ iKOJ^fc®^^ 

mi&mtrz z\£\*#ns\zmmv&z>. 

1 pFCi^ l^»iR TMR /^3 o 0 QRJLT&oTfe f c>5 0 0MHz <hT§^<h 

m?mtR T H R &i'fr\zm$i"!mfcs o o Q^T^oTfefiiiA^ F^j^fc^ 

^L<lSl±$itSe:i^'r^SOT^So TMRifXfiCPP-GMRif© 

mm^zm^nx^^z.t^m^v^. 

±K:McU T^t77°l±^MRiI#:&Mb, mt^lWMRtl^^ 

y ?*m±\zimtimnfc(D±&*r* -y^iwi, ±^^^ y :/»±K:_has 

z%\z, &$&wiz£n&. iiiniE^iS]CiwnsMRii#:$iifcMRi 
i^^y wmrnxm-vft-oT, t^x-^fm^WgU ^m^mm^rm^^r 
y7'm&MRmmmwi&znz&woTffiz/'-)i\ : m±\z&ffcv. wty^i±n 

MRII^^MI, T^t7^IMMRtl^SH tf fc: £ <5 *6ig^ * y 7°® 
&Tffiy-JV\*m±\zMj&L. MRii^M^n^t^fii^^Til^t-^Ii: 

yy°m&Ml£V, ±g|5^ty^I±My-^HI^M1"5MRIiIIiA7 H© 
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<Dimftm&mtft.is. tm^mnwr^^ yy'm^MRmmmmm^n^imoy 
MRmmw^mtsmmw\z^^mm^^y^m^^u<thmi<Dmm<Dmm^m±\zm 

0M<£>fMfeira (brief description OF THE DRAWINGS) 

mil mzm^fc£?\z, -w«^tt§c i p-gmr^abs^ 

BIfciTSI> ; 

H2H K^iZE^fe^^ic:, -iMI^ft^TMRiTOiCPP-GMRif 
&ABS^^ifc0T^?) ; 
0311 i!EH^fci5l:, C I P-GMRj#^CD#lffi!H!g&EITa5§ ; 
04H ^^^fcck^fc, TMRifXliCPP-GMRif0fWiT$§ ; 

0511 fEfc^fc^^t, 04ic^u^fi5iHi^^tiT, ^-;i^jir B i©^-wv> 

?>Z&C Shi e j d = 6 p FcD^ic43^§Msft0MM^#te^^t-EITSS ; 
0611 Hfcjz&^fcJ^fc:, 041^bfc#«I!!&l;:£>^T, ^-)VFmm<D3f*?/^z/ 

? >X#c Sh , e , d = l p F ©«-&tc^tj-SM^»^M^#tt^^*rSTabS ; 
0811 0 7©A-A«lroS0T&3 ; 

Ei9ii m7(DB-Bmwrmm~?&z> 

iioa-io kfi mi&mMftmiz&tf&TMRmmmm^y Fomrnxmo- 

01211 01 l©A-A«r®0T&£ ; 
013 11 01 1 ©B-B$i8FfraT&£ ; 

01 4 a~l 4 i 11 ^2(DHJg^(C^lt^TMR^M^M^^ h'CDggjgX®©- 
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il6il 01 5(DA-AH$r®EIT&£ ; 
017fl 115©B-B»I0T^?); f IT 

Ell 8 a~l 8nH B 3 (DHJg^^^^STMR^I^a^y FGDl&ilg©- 
'^f^L^HM^©!^ (description of the preferred embodiments) 

B§W^^t-¥®0T$)D, HI8»EI7 0A-A^ir®EIT«»D, m 9 fctgl 7 - BH$r 

FJI, 7 lteT^>-;i/FJi7 O±tC0TBI5y"^F17 Oit^lcilbTW 

FJi> 7 5te^MlIf|(Dfc&CDA*-f 7Xl^^#^t5A-F/K7Xl, 7 6(iTMR 
M#:7 2^#^b^l^mt^ViTT^V-;i/HS7 0 ©±®^ £>^$tl7c[3^ 7 

7 ttH^ 7 6 I^(-|6^^^i|l^ii^T^^$nfcJi^3^co^#:ji, 7 8 fctjgjn©^ 

#:J17 7^tXT^V-;l/F)S7 0 ±\Z, T&¥W7M7 l&^TMRil#7 2$tD 
H^^^nfej^^^ y^I, 7 9 KTF^v- ;V FJg 7 0 ©*MHK:^jj& 

$nfc^l(D^#:Jg, 8 0mm¥*ry?m7 8±TSoT±Mt'^l7 3 RlKJb 

SBv-^ fm 7 4 0^fcg£^j££nfcas 2 ^n^n^i/Tv^. 
M7Tb-)vmw. 8 2ft-«i©E7*-ji/i#:8 i ommzn^.m\zmm^nr^m 
s (^a^f)> s 4fc-ffi&±®i/-)\s}*m7 4izm&mzmffitsnrzm2<DV-\z 

8 6U-^m2<D\i7^-)mPfS 5 OiiHi^Cii^tlfel 3 0 U - H 
8 7tt^3(7)'J- 8 6 «ffi^^m^^J{C^$tlfc^ 2 (Oifti (*g^A° 
y F) £^n^n^LT^£ 0 

(h°>Fii), h>*)wv)7m&zs±mm&mmm (7>j-d t^s^&js^ 
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So 

TS5'>~;i/HM7 0R5lgEy^Fl7 NiFe (/\°-?D<), t>^XK 
CoFe, CoFeNi XteC o Z r N b^©^S1fjiX«#ji1iiiT^$tl§o mm 
te\ 0. 5~4/xm, ^b<iil~3j[iml:^5„ 

A 1 , Ag, Au, Tis TiW, Rh, Cr, In, Ir> Mg, Ru, W, Zn, P 
tMnfKttRuRhMn, Xfci^ft£©£&Tl&&£ft£. JgJSEu 5~70nm, 
^b<H10~50 nnn?&5o 
TMR*tJI#:7 2 ii^tt§TMMIl (tf> HS) Xl^±BI53li8tt#M (7U 

-®) mx¥>ftm$mxmj$'? z>z.tfim^is<. mtux, Fe> co, nk c 

oFe, NiFe, CoZr N bXUC o F e N i ^<D3¥.MffiMX\%g>mM&&H^Z>n 
So rmm^mmm (t?> FJS) ®0JHfcJu l-10nm, ^L<tt2~5nmT$ 

2~50nm, &IUS4~30nmm Z\<Dmmfim<f£VT^%£'\y} i W)fc 

TMRaJS#7 2i;£>tt£ h>^M'J7IH A 1 2 0 3> NiO, GdO, MgO, 
Ta 2 O s< Mo0 2 , Ti0 2 XttW0 2 ^5i^n5. Mte, 0. 5~2nm|| 

t im± l & ^ d *rr tf c&t v-tmmtimtiT l £ 5 <z>t$? 

2IIfelj-5£MttiigH #iJxJ£PtMn, RuRhMn«$ 

mn<Dmmfcm 7 1 , 77178, fg 1 7 9 2 ©le^s 8 

8 4X^8 6, t^flIlStfl2®Sftl (^A^H) 8 3R^8 7I1 Cu, A 

i, AuxtiAg^TM^tiSo foeu —mmtws-frv-mi 4\zmm,mzmmz 
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2 3 0 /xm 2 (CADtC<fcS^M) X&Q. TSP^— Fll 7 0 AtS±^zy—)V bM7 
4P H 1©^/V>^>XteC shield =5. 2pFt*0, *7h^7Mtfc{Jf c = 
2 3 5MHzt^fe. £/£U T^>-"^H^7 0^^±^5/-;i/FM7 4f B 1©Sg||« 
1 1 0 nm^D, "tO^^s A 1 2 0 3 \Z k^mB^^ yVM 7 8(DIgJ?f;J:5 2 nmT 
M^7 6<D^$tel 5 0 nm, ^oTii#n<£>lfei:#:Ji 7 7©JlJ¥<b 15 0 nnrefe 

*t/V>^>XC Shleli My ht7Mtfcfl ^bTfcfh£^&Tfc&& 
-grT£. iM*7ht7JIItfcHfc = l/ (2 7tR HGA C ShieJd ) A^ffffi 
T#£ 0 ^Xfc^gKffl^fcTMR'v.y ^TMRlIWiiiltNiC 
r (3nm), ^IttilliLTP tMn (14nm), T^^ttSilJi (H>F 
m) tbTCoFe (2nm) /Ru (0. 8 nm) /CoFe (2nm), h>^;Wt 
UTiiLTAlOx, ±M&M'ftiMMm ilTCoFe (2nm) /Ni 

Fe (4nm), ^r^y 7°M tLTN i C r (3nm) S«SMil/fcM$f LTV^. 

-yj, 5iJnO*fii^#M7 7^^V^*S#r©^ C ShieId =10. 2pFTfe 
0, f c = l 2 OMHzT^fe. tot, #Hlfg^S!K:<fcnfc£, C Shield ^^Sfr 

noa~i oka, m i (DmM^m^n^TMRmmmm^y ^(Dm^nno- 
^x\ *0±izuz?xbttn&mftVrt&>-~>ff'T%>z\}i\z&y), TMRmm&7 

2(D#1±Lt^MtiW\Z&WZ>T%py~-)l'bm7 0 0— gfo^lBn Ufc, 01 OdC^tr^ 
U^^fr? 9* 0 1 0 e \ZttzT «t a fC, TMRtI#7 2 0#Sl/^ 

fcgfc:mt&T^>-;i/FJS7 o^ia^7 6#j&££ft5. 

^ i o f tst^adfoiicA 1 2 o 3 n,tsiifri*^ii/m mi 
o giz^T^oiz, ij7 b^yMm^n-yxu^T, fa°^->i o or^©jkd^^ 

HI 10 ifc^ti^l:, T^~>- ;UFJ17 Oco0f^Mt, T^^yy°M7 
l^©J:t:TMRil#:7 2WtSo 010 TMRi 

Mfo7 2%n$~->?Lxm^f£E%B]&l<. T&*wy°m7 lRtfTMR^i# 
7 2 <D^#J0T^>-Jt/ FI7 0, jiSPCDlfe^S 7 7 Stfffl 1 (DlgiHM 7 9±CA1 
2 0 3 \Z&Z>ffi&*f*ry7m7 8S^it?> 0 

^^T, A-K , 7^7M7 5 (0 8) *J&$L\std&. 01 0 k(I^tJ:5t:, TM 
RM# 7 2 ±fc±gB3^ 7°Ji 7 3 RZ$±%t>z/~)V HI7 4 Z\tl £>± 

^4^:/Jl7 3^_hg^>-^HJS7 4©^#JCD^^^^^7 8±fcA 1 2 0 3 fc 

j;5i2Ciisig*i8 os^nrr^o 
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Mmmz^ir¥mmT$>K), mi 2\$mi KDA-Ammwefov, mi 3\$mi kd 
B-Bmmmm'v&z>o mi i^tr^-jiy^mRzs^^zy-jv^mt^n^iz 

ei 1 1 -si 1 3 ic^viT, 7 o \%m^hm^u±\zmmm&zntzmmmm cordis 
mr^^nram^mmmz^^mmmmcor^^ yy'm, 1 2\nr$wt>rvrfmi 1 

2 4tt±ai^t«^Il 2 3±fc£<D±«4 J *y:flll 2 3 £*&«fc#abTStJB7&£ 

hVVf7*Ji> 7 8ray^Fl70±C, TSB^* y 7J1 7 1 MTMRfff 7 
2^^)ffl^Tff^$nfe»#:tJ;§^a^^^7 0 |i, 1 2 7STMRW7 2 

~;ufh7 o<z)M[j(iM$n^i«fi, 8 o\mm^r^yfm7 sm^t 
±Mt7^ii 2 3R^_h^x-;vFjgi 24<DmMzmf&'gtifrm2<Dmmfam%: j t 

<D\ZT-fr-)im&. 8 2 it-m&m i<D\fT&-)vm&8 1 oMnt^t^snfe 
n©u- \*mfc 8 3^i®ij-h^8 2 <Dimifinf5.mzmffif£tirz.m 1 

-Fagflc, 8 5«-»^2©U-F^#:8 40Mlcm^fc^$tlfc^20t:T^ 

8 6 tt-mm 2 © if Tft-jmit 8 5 ®isi:«^t:gi$nfci 3 0 u 

- F^#, 8 7^3©U" 8 6 ©M^^^^^^nfc^ 2 ©Sftl 

TMRtI#7 2«, HfcfcfcKSnT^&M;^ T^»'if #SljS 

TgBv-;i/FB7 OR^SP^-^HSl 2 4fct, NiFe (/WD^f), ir>^7; 
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K CoFe, C o F e N i XttC o Z r Nb^Of Iij|X^lil?M$tl5„ 
mmii, 0. 5-4miti, ^K(il~3/im^5 0 

Tm**y?m7 iAxs±m^^yy°m 1 2 3f*, m«Ta, C 

u , A 1 , Ag, Au, Ti, TiW, R h , Cr, In, Ir, Mg, Ru, W, Zn, 
PtMnfKttRuRhMn, Xfc£^ft£<0^&Tl£/&£ft£o ilJTO, 5~70nm, 
£?£b<te 10-50 nmtJ§. 

TMRts#:7 2Ciit§TMWii (tf>Fji) xxs±mmtimmmm <?u 

-JB) fct i«Xtf>^ffi*rWT?*J«rS^i*WSb<, Fe, Co, Ni, C 

oFe, NiFe, CoZrNbXttCoFeNi f lilX^Iii^ffl 
£ 0 T^^tt^S (t°>FJi) ©flljm, l-10nm, !fil<(i2~5nm^ 
£©J]»^<&DT^3£^ it 

S<^Dt^tTMRM0mt:g@nttiMT^i;i)o 

TMRil#7 2 \Z&tf& h>^;i//tUTJS«, A 1 2 0 3 , NiO, GdO, MgO, 
Ta 2 O s , Mo0 2> Ti0 2 XttW0 2 ^»$n5. JUJPta, 0. 5~2nmgg 

t-tm&VWS* & £ i9 »T t; > * - Jl^£ D £ £ U - # ^T^ttl Tb;£ "5 <DX*tt? 

TMR«M7 2 K::mt£^«#MIJI«, m«PtMn, RuRhMnTi^ 

5ifiPOM^#:S 12 7, ffeU^ yy°M7 8, Ml (Dffimfcm 7 9 &tfSfi 2 (DffeiHM 

8 -j^w^fiA 1 2 o 3 «$n§o 

^lM20t:7««#:8lM8 5, ill, f£2;&tfffl3©U-Fzg#8 2, 
tm3l&{;i2©^ig (gl/^yF) 8 Cu, A 

K AuXKAgfT'M$n5 0 fctffU -^±g|y-;i/ FI 1 2 4 Ci^^tti 

eh nz^rz: 2 (Dmmmm^m^, t^^-;pkm7 0 -LAST'S ±sb 

;PFJii 2 4®it>£Wt§^cD®a IP^^^A°x^iLTa^T^mM^«s = 
1 0 2 3 0 /zm 2 (CADC<kSfHMt) T&D, T&*s-)l\*M7 0R&±Uis-)V\* 
Ml 2 4f H 1cD^^A 0 i/^>X«C Shield =5. 2pFT^D, *^Ft7Mtf c« 
fc = 2 3 5MHzT^fc. fcj£U "FSB^— ^ FJg 7 0 RtX±SPv— ;P KJf 1 2 4K 
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2nmT^f9> 1 2 7 1 5 0 nmt^ U-HI*^TMR 

\^(DmmtR HGA = 130 qt&£o mmwmw-m 1 2 7 £f£tf&^i»M?©*i 

□ ^ C Shieid =10. 2pFT&9, fc = 120MHzT?Wf,, 

C Shiel d ^f*MJ; 0 0/h$<^^i^l? ^fiia^A.-, F 
ft^fL<[nl±t§ 0 

@14a~14ifl l2©»I(^^5TMRlilitA>y FCDgfMXfgtf)- 

|^14b^-r«k"5^, f<0±i:Al 2 O 3 (: t t§iI#:lMl/, CMP#U!£tf5 
£££J;oT^®&¥fifcLT, SI 4 c t*trtfil^i#:l7 9$MtS. 

014cn^TJ;5^ TS^>- ;i/H®7 0£Wt«y^l7 
f ©±<Z)Bff^il:TMRtI#7 2 §0 0 1 4 e {^T£ 5 TM 

R*M#7 2£/\°^-->^bT^^&££^J&U TMRtlf7 2^i©W 
^yy°M7 10110^17 9_h{CA 1 2 0 3 ^J:^^^^ 7 8 

A"FT^7M7 5 (012) £^J&bfc^> f©±i:l/yXMtH^i 

yy°m7 8©— gP^igPbfe, Ell 4 fH^trtfl/yXb/^->l 5 0^Mt§» 

01 4 g^^Tcfc^«©±t-A 1 2 O s ^J:^|g^#:jg&^bfe^ 01 
4htit £5 Id* >J 7 7lI&froTI/y7 h/\^-> 1 5 0 Rtf-£0±£>^g& 
ffe^#:^S:^*T^ 0 Z.n\Z<k?) y TMRtlf 7 2 0Mb/ t ^^©I^^§iI^t 

014itC^f«k'5^ TMRW7 2%X*m(\<D$mi£m 1 2 7±£±SB 
^^jf 1 2 3R.&JiW$'-)V\*Ml 2 4*Bf$?Z>tMzZ\tlt>±ffl>3f^yy°mi 2 

3 &^±^>-;i/ FH24 (Dmmmm^f\ v y°m 7 8 msmmmmwm 1 2 7 ±\z 

A 1 2 0 3 fCck§||2®m^Ji8 0Mt§o 

mi 5^mmom3(D^mmmtLx, mr;w hx^D-h;\>r h^BM® 

Musw^-r^M^T^t), 01 6\tmi 5<DA-Anmmmx$>r), anrau© 
B-BMiT$5o mi 5xuT^>-)i^m^zs±^-)i^mtz.n^\z 

3 ©ms^«, mm l 7cm 1 (DmrnMrnmsm 2 o*jg^si©«i^sm^t) 

fot, 01 5-01 7{i:j3^Tte\ 1-01 3 tNfOi^ft 
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±HtI$n/^-->^M$nfcTMRtI#:, 1 2 3ttTMRW7 2SLtKjiJn 
©fifll 2 7±{c:^^$nfc^^m#:^J:sm®^ffl©±SI5^A'!i/yM, 1 
2 4«±^^^yjil 2 3±CJl©±^^y^Sl 2 3ti^l:iIlt^iM 
£nfcmiMffl©±g^>->>l/KJS, 7 5&aKM^0fc&0AW7xa#£tt^T£A- 
H AW 7X1, 7 6 ttTMRW 7 2 ^feL^M&gfc&^TT^-^ FJS 7 0 © 
±®j&>£^££nfcM, 7 7teGH^7 6i^^M^#:#^^JS^3iAyT^$tl^l(D 
jiJ0O*6^P, 7 8teT^>-;i/FJI7 0±Kl, TMtyyi7 1^TMR^lft 
7 2^^f9ffl^Tff^$nfeM^#:fci:^lfe^^^7 0 Ji, 1 2 7taTMR*|Ji#:7 2£* 

^b?i^fi:ii:*^Tiig^ t y 7 s±\zm^ntcm2(Dmn<Dmmi^m, 7 9 

KtTSB^-;U 7 0 0^#Jt^^$tircm 1 ©l&iHM, 8 0 tefgli^ y 7l7 8± 
T$^T±Wt7 7ll 2 3&tK±^v'-;H^ai 2 4©»Jt^$nfem2©lfe^ 

(D\dT*-)VMfo, 8 2 fct-«j&tg§ 1 ©fc*Ttf-;i/S||#8 1 ©Kllt^tlfi$n7c 

m mw^yF)* s 4\z-m&±3i/-)i'Fmi 2 4izn^mzmmztitcm2<DV 

-FSffc, 8 5 tt-®^ 2 © 'J - 8 4 ©MCf ^ilil^tLfcl 2 0^7* 

-jvm^ 8 6 \z—m&m2(D\f7'fc-)vmfcs 5 0mmzmmm^zmm^nr^m3<D^ 

- K##:, 8 7 fcjJS 3 © U - 8 6 ©«^^W(C^$n^^ 2 

$mt>z>&5\zmi&istiT&r). rmmxmmm (tf>FJi) «, Kmmmmmtv 
m<D&m£&/U7xmfflz&'DT. ^om^mm^\^\z\^<^\zm^nx^ 

Tf^>-^F)17 O^igEy-^Hil 2 4te, NiFe (A-^n-f), ir>^X 
K CoFe, CoFeN iXSCoZ r Nbf 0^IllX^iIl«$nS o 
0. 5~4/xm, ^L<ttl~3Mmm 

T^-V^yH7 lRrjf±8P^^y^Sl 2 3», WAtfTa, C 

u , A 1 , Ag, Au, Ti, TiW> R h , C r , In, Ir, Mg, Ru, W, Zn, 
PtMngKttRuRhMn, ^^ft^tf^&^&ric&ns. itJ*«, 5-70nra, 
£?£L<tel 0~50 nmT^. 

TMRdift 7 T»»«tt#ISS (tf > FH) ifttf±»3ft«ttfSIBJg (7'J 

-Ji) te, «Xt!>^g^«t5ui:W$b<, Fe, Co, Ni, C 

oFe, NiFe, C o Z r NbXttC o F e N i f liilXtt^llI^v^tl 
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T^3»14^S (fcf>KJi) (Dmmii, 1~1 Onra, £f£b< «2~ 5 nmT& 

2-5 0 rim, Jf$KS4-30nmm £<DHSIJ¥*>W< DT^£ Flbf^ 

TMRW7 2 fc:j3tt5 b>*;W\*U7«J3\ A 1 2 0 3 , NiO, GdCX MgO, 
Ta 2 O s< Mo0 2 , Ti0 2 XttW0 2 ^?)i^n5. mm\$> 0. 5~2nmgS 

TMRti^7 2t:^lt§Mfe11Ifi M^PtMn, R u R hMnT*i/&$ 

Jg 1 &tf$fl 2 (Dmmmkfom 77R^127 t y :/« 7 8 , ^1 ©jf&gtffcJI 

If£i;&tf2g2©lf7*;-;i^#8 1RIK8 5, Hi, I2M3©'J-Hi#8 2, 
8 4ftlK8 6, M:il&tfl2 0jgf«i (^MA°yF) 8 3M'8 7}t Cu, A 

~>— ;u FS 7 o \z\am 7 6 a*i8:&*£*u ^©•f^H i ©5iin©*fe^® 7 7 *#i8e>&£n 

WSH^ MI:MRW7 2^ftb^^fe®^*5^Tl&a^>^yM7 8±£ffl 
2 (DmWfflMWm 1 2 7d«$tlW5I<!:HJ;D, Tg&v-;!/ FIB 7 om*±M* 

T^>-;v FM^^±gP>—;b Fjf * /V>3? >X C Sh , e j d #/h£ < 

;pfjii 2 4©ife^t^^<Dit, fin-e>^^Ai/^tLT^fir^iM®«^s = 

1 0 2 3 0 /xm 2 (CADfCiS^^) T&D, ToP^"^ FI7 0 7kZS±Mi/—)V F 
I12 4i0^t^^>XttC sllield = 4. 4pFT^f), *^ht7Mttf ctt 
fc = 2 7 8MHz^^L fcfcU T0l5x-;i/ F/f 7 0RTf±.ffiis-)V FJg 1 2 4 fH! 
MJllOnmTSD, ^-<D5t^ A 1 2 O s £ <fc £ il&ig^ ^ y 7 8 <DBgJ¥te 5 

2 nmT& 0, Hi ©MtJ^lfei^ji 7 7 <Z)|gJ¥& 1 5 0 nmT& 0, H2 <E>5iflQ<Z)iSi&iif 
#H1 2 7©ilJ¥fcl 5 Onm-e&D, U-F^^tfTMR^s^ F©Stn;}iR HGA = 1 

3 5iJ&ne>*SigH$/i 7 7Rtfl 2 7 &mm^ffi&&ffi<Dm£>, C shield = 
10. 2pFT$D, f c = 12 0MHz"eS§^S, ^IflCck^l C Shield 
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018a~l 8ntt, 8 3 <jr)^J6^*K*^STMRS!»J!ga^^ H©»3gXg<0- 

2 ^b^MM^^T^"^ FS 7 0 ©-(BOTH P bfc, 0 1 8 d 

*>SU>^£fr5 018el:^5C. TMR»7 2«l&^ 

-afli^^STffi'>-^HS7 OK1IH1SI5 7 6*Jfl«Sn5. 

Hl8ffc*-TJ:5fc*©±K:Al 2 0,K:J:*««#JB&^«Ufc«, Ell 

8 g r <k ^ ^ U 7 ht7©I^TkyX F A^-> 1 0 0 Rtf*©±©*gfc 

10^±i:TMR»7 2§»^ 01 8 j ^T<fc^^ TMRJ 

7 2 O^OT*^ FS70.il ©3&in©»^* 7 7 fttfjg 1 OttftfM 7 9 ± 

} ;Al 2 0 3 i:J:^Wt^7l7 8Mno 

&v>if A-H7n^i7 5 (016) S^Ufc^ ^Oi:l:l/yXh#4§i 
^bA^~^>^r£-^£^ TMRW7 2 0^t^I/«(^^5»t 

^°Ji 7 8 o-n^at^ 0i8k r^t^ti/yx fa^-> 1 5 o &?ewrs. 

018 1 KiSn^^OifcA 1 2 O.CJ:5«S»fti^K^^ 01 
8m( ^ ti: ^:, ij 7 ht7li^oTl/^X h/^"> 1 5 0 R^0±^ 
*fc»#JB£ISNsrs. -tlK:<fcO, TMRW7 2 0>#fcbfc^*Mfc£ttS*&*** 

y7°JS7 8±^«^nfei2C0}iSn©^# : Sl 2 7S#5. 

018nl:*t<k^l- TMRiS^7 2^l2 0iWWl 2 7± 

r ±&*V ^ 7H2 3 ±a5>—;v Fig i 2 4 zmfc-rz £mzz.ne>±m** v *? 

jf 1 2 3 ■mSLWs-K 12 4 ©WB9©*ft*=¥* ry 7* 7 8 Rtfm 2 <D3!Un<0*fc*# 

si 2 7±fcA 1 2 o 3 \zx^m2(Dmm^ms os^Rts. 

±&Ufc&^ifc^*^*5tt*& 2©U"Hi^8 4 2 © tTT*-J«# 8 5 

V^T, ^n^©T^^-^F®±^MT^^©m^J^<^^^^^ A °^"- > ^ 

ssr ijEbfc^JfifiKfe^tn «i»^^ y ^»7 8Rr;5iijp©«»frJi7 7 



m^i^mmmm, w^si.No co-rFe 2 o 3 cv^-th xfcsio 2 -e* 
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* > * c s h , e , d ^ $ fc^T $ s d <h ^ , mmmm^ v h © m fe&tm % <t d 

tSit^[^ti5K*rv^^Sfi|ji©C P P -GMRifmfcCP P - GMRAy 
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